INTRODUCTION
Lymphocytic esophagitis (LE) is a new clinicopathologic entity that was first described by Rubio et al [1] in 2006 and subsequently, more frequently diagnosed and reported by clinicians and pathologists over the last decade. It consists of peripapillary intraepithelial lymphocytes (IELs) with no or rare granulocytes on esophageal biopsies. Despite LE being an emerging entity, esophageal IELs have been described years ago and several studies, as early as the 1970s, suggested a possible association between gastroesophageal reflux disease (GERD) and an increased number of IELs [2] . The co-occurrence of lymphocytes and granulocytes in reflux esophagitis has also been reported [2] [3] [4] . IELs with irregular nuclear contours were described on the esophageal biopsy specimens of patients with reflux esophagitis [4] . In the late 1990s, Wang et al [5] found that IELs were not an independent marker of reflux esophagitis as no correlation was noted between the number of neutrophils and T lymphocytes, despite the presence of a correlation between the number of T lymphocytes and eosinophils. Around that time, in a Swedish study looking for Menetrier's disease and varioliform lymphocytic gastritis in baboons, one esophageal biopsy specimen was noted to be infiltrated by lymphocytes with round irregular contours and a lack of granulocytes [6] . The latter study was the basis for Rubio's group to start looking for human biopsy specimens with similar characteristics and describe LE for the first time. They characterized this condition by heavy peripapillary intraepithelial lymphocytic infiltration with no or rare granulocytes [1] . Consequently, multiple studies done on LE noted intercellular edema known as spongiosis [7, 8] on pathology slides, a criterion that was later added to Rubio et al definition. The widely accepted definition for lymphocytic esophagitis is increased peripapillary IELs by more than 20 IELs per high power field with little or no granulocytes, along with spongiosis ( Figure 1 ).
HISTOpaTHOlOgY
The presence of neutrophils, eosinophils or increased lymphocytes on esophageal biopsy indicates an inflammatory process. A normal esophageal mucosa has a small number of dispersed lymphocytes, mostly with irregular nuclear contours, and mainly in the peripapillary epithelium [9] . An acceptable count of IELs in a normal esophagus was reported to be 10 IELs/HPF [10] . The lymphocytic population in the esophagus is part of the gut-associated lymphoid tissue: Cytotoxic CD8+ T cells are normally seen in the squamous epithelium along with Langerhans cells. Helper CD4+ T cells and B lymphocytes reside in the lamina propria [11] . Given that LE is defined as an increased number of IELs, we would expect a peripapillary predominance of cytotoxic CD8+ T cells in the esophageal squamous epithelium. This has been inconsistent however, and a recent study demonstrated a CD4+ T-cell-predominant intraepithelial lymphocytosis in patients with primary esophageal motility disorder (PEMD) raising the possibility of a new clinicopathologic entity that they labeled "dysmotility-associated LE" [12] . In contrast, in cases of LE in patients with normal esophageal motility, the number of CD4+ and CD8+ T lymphocytes varied. Indeed, one study found a CD8+ T-cell predominance when LE was associated with GERD in the absence of PEMD [13] . A better immunophenotypic characterization of LE is hence needed for a superior definition. Another aspect of deficiency in the definition of LE is reflected in the various studies performed with different cut-offs used to demarcate an increased IEL count, ranging between ≥ 10 IEL/HPF [14] and ≥ 50 IEL/HPF [15, 16] with a cut off of ≥ 20 IEL/HPF being commonly used [17, 18] . Moreover, the acceptable number of a "few granulocytes" needs to be better defined, as granulocytic inflammation is typically seen in GERD.
ClINICal feaTUReS Of le
The incidence of LE has been on the rise in the United States over the past few years. It is unclear whether this is true increase in incidence or simply secondary to the condition being better recognized by pathologists and clinicians. In one study of 81 subjects with LE, 81.5% were diagnosed between 2006 and 2009 as compared to 6.2% diagnosed between 1998 and 2001 [18] . It has been published that LE is being detected at a rate of 1 in a 1000 on endoscopies and biopsies performed in the outpatient setting [7] . It is also unclear whether LE is more commonly seen in the western world or developing countries. Despite the fact that a Swedish group first characterized it, most published case reports and studies looking for clinical associations and potential risk factors took place in the United States. To the best of our knowledge, only three case reports in the English literature described cases of LE outside the United States, including Japan [19] , Portugal [20] and Australia [21] . In contrast to the findings of Rubio et al [1] , it is becoming evident that LE seems to affect older women to a larger extent, in their sixth decade [12, 14, 17, 18] , in contrast to eosinophilic esophagitis (EoE) seen in younger men. Smoking was also found to be associated with LE in multiple retrospective studies [14, 17] . Patients tend to present with dysphagia as the most common symptom, though reflux/heartburn, chest pain, nausea and abdominal pain have been reported as well [8, 12, 14, 18] .
eNDOSCOpIC fINDINgS
Endoscopic findings vary from normal mucosa in up to one-third of the cases (19.8%-35%) [12, 18] to esophageal rings, strictures, furrows and webs ( Figure  2 ). For instance, Cohen et al [18] demonstrated that the esophagus looked normal in approximately 30% of their subjects, with the most common lesions in others being esophageal rings (19.6%), esophagitis (13%) and strictures (8.6%). Erythema, nodularities, furrows and webs were observed to a lesser extent. Purdy et al [8] noted a significant difference in endoscopic findings between LE subjects and controls. Similar to Cohen et al [18] findings, a normal appearance of the esophagus was the most common finding in both groups. It is noteworthy however that when Putra et al [22] compared patients with PEMD to their controls (GERD patients with no dysmotility disorder), patients with LE were more likely to have a normal upper endoscopy than patients with "dysmotility negative-GERD" (P = 0.004). No significant difference was noted however between both groups when looking at rings, furrows, esophagitis, possible Barrett's esophagus, ulcer or stricture, findings that were much less encountered in both groups than a normal esophageal mucosa. The majority of the retrospective studies conducted to look for clinical associations and risk factors for LE, found that LE most commonly presented with a normal esophagus. This observation was in contrast to Pasricha et al [14] findings, who noted that 82%
(23/27) of their sample had abnormal endoscopic findings in the esophagus. In addition, all of the case reports published to date, report abnormal esophageal findings. For instance, Zhang et al [23] reported the case of a 66-year-old female with history of dysphagia, who was found to have multiple concentric rings in her mid and lower esophagus with biopsies consistent with LE. Those endoscopic findings are similar to EoE given the lesions and the location. It is hence important to realize that a feline esophagus is not specific for EoE. In addition, the most common presentation of LE seems to be dysphagia with a normal esophageal mucosa on endoscopy, hence the need for a biopsy, not only to rule out EoE, but also to look for LE. The esophageal abnormalities associated with LE have been reported in multiple locations of the esophagus. In a patient with systemic lupus erythematosus and Behçet's disease, multiple rings were noted in the upper third of the esophagus exclusively, with small outpouchings developing in the cervical esophagus years later and requiring dilation [20] . In another patient with lymphoma and esophagitis, presenting with dysphagia and food impaction, endoscopy revealed mid-esophageal rings as well as a distal esophageal stricture [24] . Lesions seem to develop in all 3 parts of the esophagus with the mid esophagus being mostly co-involved with the proximal or distal parts. As a matter of fact, in their study, Xue et al [12] specified that most biopsies were obtained from the mid-esophagus and had a higher IEL count compared to other locations in the esophagus.
ClINICal aSSOCIaTIONS aND RISK faCTORS fOR le
Since Rubio et al [1] first described LE, multiple groups throughout the United States attempted to better characterize this entity through retrospective studies trying to identify this emerging entity's clinical features. Numerous potential clinical associations were looked at, including inflammatory bowel disease (IBD) [15, 16, 25] , esophageal dysmotility disorders [22] , hypersensitivity and mucosal insults [8, 14, 17] , celiac sprue, common variable immunodeficiency disorder [26] and GERD, as presented below (Table 1) . Other groups tried to establish LE as an independent and distinct clinical entity, many of them failing to find any potential correlates [8, 12, 14] . To 
IBD
Esophageal Crohn's disease (CD) is well recognized and is known to occur in approximately 6.5% of the affected juvenile patients as compared to 0.3%-2% in adults with CD [27] . In severe forms, it is characterized by sharply demarcated ulcers or erosions, and the mucosa surrounding those lesions is typically normal [28] . Of 20 esophageal biopsy cases with histologic LE, 8 cases of CD (including 7 pediatric cases) were identified by Rubio et al [1] , suggesting a potential correlation with CD in the juvenile popu- [12] , 2015 [17] , 2016 Pasricha et al [14] , 2016 Cohen et al [18] , 2012 Sutton et al [16] , 2014 Ebach et al [15] , Haque et al [7] , 2012 lation. Subsequently, Purdy et al [8] confirmed a potential association between CD and LE in the pediatric population. In their study comprising 42 patients with LE from a mixed adult and pediatric database, 38% of the pediatric subset with LE had CD (3 of 8 children). Similarly, Ebach et al [15] studied an exclusively pediatric cohort and found that LE was present in 28% of 60 patients with CD as compared to 4.4% of 68 children without CD. A comparable association was found in the study by Sutton et al [16] , where LE was present in 12.2% of 49 patients with CD as compared to 5% of 496 patients without CD. These results were not reproducible in the adult population however, as shown by the work of Basseri et al [25] , where only one out of 47 patients with LE had CD. Similarly, results were consistent in the studies conducted by Haque et al [7] and Xue et al [12] , where none of the 119 and 45 adult patients with LE respectively, had CD. LE might hence be a manifestation of CD or, possibly, an indicator of IBD activity in the pediatric population, but remains nonspecific and most likely not associated with IBD in adults.
Esophageal motility disorders
An interesting association of LE with PEMD was noted by Xue et al [12] . In their initial work, they compared the clinical and histological characteristics of 3 groups: LE-No Granulocytes (LE-NG), LE-few granulocytes (LE-FG) and their control group which consisted of patients with "reflux esophagitis with increased IELs" (REIL). Out of the 21 subjects in the LE-NG group, 11 were tested for motility abnormality, which was confirmed in 10 subjects. PEMD were also found in 6/10 patients tested in the LE-FG group (24 patients) and in 6 of 11 tested in the REIL group (28 patients). Interestingly, the prevalence of PEMD was significantly higher in patients with CD4+ T-cell predominant IELs as compared to CD8+ T-cell predominant esophagitis, a finding that suggests a potential association between PEMD and CD4+ T-cell predominant esophagitis. It might hence be necessary to characterize the Tcell subpopulation in patients with LE for diagnostic purposes in some cases.
Esophageal mucosal injuries
Reechoing the definition of LE as peripapillary intraepithelial lymphocytosis with spongiosis, one would think of LE as an entity with histopathologic similarities to acute spongiotic dermatitis raising the hypothesis of a possible irritant to the esophageal mucosa resulting in lymphocytosis and epithelial edema. Purdy et al [8] refuted this hypothesis in their work and demonstrated no associations between LE and allergic disorders, asthma or celiac disease. They also looked at GERD as a potential cause of mucosal irritation and injury and found no correlation between reflux and LE, which brings us to a controversy in the present literature: Is GERD associated with LE? A recent study, published by Olson et al [13] in the form of an abstract, concluded that LE could be associated with GERD with CD8+ T-cell predominant IELs. Another study by Kissiedu et al [17] looked at post-ablation surveillance biopsies in patients with Barrett's esophagus. A significantly higher prevalence of LE was noted on surveillance biopsies as compared to pre-ablation specimens, suggesting mucosal injury to be a potential trigger to the development of this condition. Yet, it is noteworthy that all those patients had GERD. A similar mechanism of mucosal injury could hypothetically explain the association noted between LE and smoking.
Other potential associations investigated
In addition to the above-mentioned clinical associations, authors have investigated other hypothetical correlations. Pasricha et al [14] excluded patients with lichen planus from their study: according to the authors, lichen planus and LE are two different entities histologically as lichen planus is characterized by lichenoid lymphocytic infiltration, which is absent in LE. The potential link between LE and connective tissue disorders where analyzed in a case report from Portugal [20] where dysphagia secondary to LE was not associated with systemic lupus erythematosus and Behçet's disease flare-ups, as dysphagia and flare-ups would occur at different points in time. LE was also reported in a patient with common variable immune deficiency receiving intravenous immunoglobulin (IVIG) infusions [26] . No other reports in the literature described LE in patients with immune deficiency disorders or in patients receiving IVIG. It is hence unclear whether LE is linked to common variable immune deficiency, IVIG or is simply an independent entity in this specific patient. Some studies also looked at a potential co-occurrence of lymphocytosis in the esophagus and other parts of the gut. One would wonder whether LE would co-occur with lymphocytic colitis for instance. In their study, Purdy et al [8] looked at biopsies from other gastrointestinal sites obtained at the time of esophageal biopsies: Out of the 30 patients with LE, 23 had stomach biopsies which showed normal mucosa (4/23), Helicobacter pylori gastritis (4/23), focally enhanced gastritis (3/23), inactive chronic gastritis (6/23) or other random findings. Small bowel biopsies where obtained in 15 patients and revealed normal mucosa in 8 specimens, CD in one, autoimmune enteropathy in one, and epithelial lymphocytosis in two patients. The other 2 specimens showed nonspecific changes. Six patients had concurrent colon biopsies performed. One was normal, 2 had CD, 2 showed hyperplastic polyps and one had autoimmune enteropathy. The authors comment however that no pattern was noted and that interestingly, these GI tract findings corresponded to known chronic conditions of the patients. In a case report with multiple gastric biopsies taken concurrently with the esophageal biopsies that revealed LE, gastric biopsies were negative for lymphocytosis or eosinophilic gastritis [23] . Haque et al [7] also looked at the co-occurrence of celiac disease and duodenal lymphocytosis with LE and EoE. There was no significant difference in duodenal lymphocytosis co-occurrence between the LE and the EoE groups. On the other hand, celiac disease was more commonly noted in patients with LE as compared to EoE, although this was not statistically significant given the small number of patients (Table 2) .
TReaTmeNT
Multiple treatments have been tried including proton pump inhibitors (PPIs), topical steroids, oral prednisone, botox injections and esophageal dilations. Few retrospective studies actually addressed treatment. Cohen et al [18] conducted a study in two stages: they initially performed a retrospective chart review of patients with LE and investigated potential clinical associations with this condition. The second part of the study aimed at exploring the natural history of LE by sending out surveys to their 81 patients with LE with a 3.3-year median follow-up. Out of the 29 patients who completed the survey, approximately 60% reported improvement in their GI symptoms that they thought was as a result of therapy, either with PPIs or after starting an anti-tumor necrosis factor agent for patients with IBD. Esophageal dilation contributed to symptomatic improvement as well. Pasricha et al [14] also collected information on treatment changes after establishing a diagnosis of LE. Out of their 27 patients, one-third had a change in treatment that consisted of either a PPI (6), inhaled fluticasone (1), gastrointestinal cocktail (1) or prednisone taper (1) with improvement noted in patients treated with PPIs or inhaled fluticasone. It is unclear how PPIs result in symptom improvement. Despite the fact that PPIs have actually been associated with lymphocytic and collagenous colitis [29] , they actually seem to be therapeutic in LE, most likely secondary to their anti-inflammatory effect. Clinicians have been prescribing PPIs for LE, as LE is thought to be potentially associated with GERD, and given that improvement is being reported. For instance, Zhang et al [23] treated their patient with omeprazole 40 mg twice daily with symptomatic improvement within days. As already mentioned, topical steroids have also been suggested with symptom resolution, assuming LE and EoE belong to the same family. Kasirye et al [30] opted to treat their patient with 220 µg/puff, two puffs three times daily, as their patient was already treated with PPIs and Histamine 2-receptor antagonists with incomplete resolution of their symptoms. Additionally, therapeutic esophageal dilations have been performed in patients presenting with dysphagia (with or without food impaction). Based on the few case reports published, dilation can be repeated as needed [26, 31] .
NaTURal HISTORY, pROgNOSIS aND fUTURe DIReCTIONS
Extensive study of the natural history of LE is lacking. We identified one study looking at the clinical course of LE via a survey sent out to patients, which found that 70 of 81 patients with LE (87%) were alive after a 3.3-year median follow up [18] . Of the 29 subjects who completed the survey, 96.5% continued to have GI symptoms, but reported improvement in their symptoms with medical management, which included PPIs or anti-tumor necrosis factor agents (for patients with IBD); 66% were satisfied with their current gastrointestinal health, 22 had repeat endoscopies of which only 2 patients had normal biopsy, 9 had persistent LE and the rest had other forms of esophagitis or CD [18] . Given that 9 out of 22 patients had persistent LE on repeat biopsy, one would hypothesize that LE might be a form of chronic esophagitis independent of other diseases. As a matter of fact, Mandaliya et al [24] described the case of a patient who presented with a 3-year history of dysphagia leading to the diagnosis of LE. Five endoscopies performed four years later, showed persistent LE endoscopically and histologically, requiring serial dilations [24] , which supports the possible chronic nature of this entity. It is noteworthy that there are two cases of esophageal perforation in the setting of LE published in the literature [21, 24] . In one case, perforation occurred following endoscopic removal of acutely impacted meat. Repeat endoscopy, after the acute episode resolved, showed tight rings and a stricture of the esophagus with pathology con- [24] , 2012 74 Male Lymphoma Endoscopic dilation Esophagitis Botox injections Zhang et al [23] , 2016 66 Female Opioid overdose Omeprazole 40 mg twice daily Maejima et al [19] , 2015 68 Male Food impaction Endoscopic dilation Niewiarowski et al [31] , 2016 82 Female Acute food impaction Not available Vangimalla et al [26] , 2016 67 Male Common variable immune deficiency Acid suppression Endoscopic dilation Hendy et al [21] , 2013 35 Female Not available Topical steroids (fluticasone) sistent with LE [24] . The other case was of a previously healthy 35 year-old female who presented with fever, chest pain and shock, with CT chest showing diffuse thickening of the esophagus and bilateral pleural effusions, exudative in nature with > 60% neutrophils. She was hence resuscitated and started on antibiotics for microperforation. A week later, an upper endoscopy was performed and biopsies from the mid and distal esophagus showed LE, thought to be the cause behind her initial presentation [21] .
Overall, LE appears to be a benign entity except for two cases of esophageal perforation. Furthermore, it seems to have a chronic course [20, 24] , either because appropriate treatment is still not found or because more research is needed to further characterize its mysterious nature. According to the literature published to date, it remains unclear whether LE is associated with any of the clinical entities discussed. Although multiple studies are exploring this entity and trying to attribute it to a disease or investigating its clinical associations, LE might end up being a diagnosis of exclusion. It might also end up being a phenotypic expression of different pathologic processes rather than an actual disease. Prospective studies are needed to depict appropriate treatments of this condition and its possible subsets: CD4+ vs CD8+ T-cellpredominant LE, as well as to follow the clinical course of patients with LE to be able to better characterize the behavior of this new entity with time.
CONClUSION
As Haque et al [7] perfectly described it, LE remains an entity "in search of a disease". Increasing in prevalence since it was defined in 2006, it seems to occur more commonly in older females and is associated with smoking. Multiple groups attempted to better characterize this entity and study potential associations with clinical diseases such as IBD, motility disorders, GERD, mucosal injuries and hypersensitivity reactions with inconclusive results and sometimes, conflicting conclusions. PPIs, topical steroids and esophageal dilations are used as effective treatment modalities with good short-term results but unclear long-term outcomes. Prospective studies are needed to define the disease, delineate the disease course, treatment options and long-term outcomes.
